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A bst)rad

7’/Ic  wIk 0 7 1  ihc: sc7yc7)ii7tc  ivspcciiom syslc7it 0 1
J]’], i s  dc.sc?itrcri. ?’hc cov)figu?oiion  oj iltc inspccfion
s!yslf7jl co!tsisis c)~ ,!20 I)OJ’ ?7/ lofol. ]?/ ])(I T’[iCtl{OT’,

Illc Acsi.qn atid detdopII)cIIf  oj t}Ic  sc7yclili3)c  Iiiicro-

l))onip~lloior end-  cflccior 1001 did has 1,? I)())’ is (fc-
sc7iLcd.  ?’hc inspcciion  s~sfr.n)  is usd jor opplicrdiolt
21/ J])],’s  l(c:711rrfc  ,~vrjocc 17)spcciio71 yrojcci (rnd a s  o
rcsc(IIclI  iool ill dt(ndonf 7nonipu/ofor con ffol.

1 .  lnljrc~duct)ion

ljor srxcral  yea r s ,  tl]c Jet l’rolJulsioll I,al)cnatcuy
(.11’1,) l,as lxcr,  ])crfcnj)lillF;  rcscarcl) al,cl dcvclc,])lllrwt
ill rmnotc  surface il]s])cc.tiorl  of s]~acc ]Jlaifc)r]lls  suc.11
as Sl):ic.c Slatic)l] IJrdonl [1]. Ollc of c)ur ~,mls was tc)
dcvclo]~ tccllllc)logy t o ills]jcc.(  rcljtc)tc, IIard- tc) rcacll
locat,iolls. Our  cxl~crilllclltal  facility cc)l)tail]s  a l/3-
sizcd II IC)C1<lI]) c~f t,llc Sl)ac.c Static]li truss  strllctt]rc  wit]l
I’iiric]us dcvic.cs attaclIccl. ‘1’lIc structure is clutkrcd
wit]) difl’crc]lt  tyl)cs c~f crl)jccts sucl I as fLII  orl)ital l{c-
])la CCII-tCIIt  Ullii  (oli,{l)  aIId a t]lcrll]td radiatc)r,  ‘J’IIc
tasks  to I)C ])crfc)rlllcd  rallgc  frolll visudl il)s]wc.ticnl l)y
IIltlllcuvcril)g illsidc of IItlrrcnvly  ccJ]Jfi  Ilcd areas :illd clc-
t,ccl,illg allol)la]ies tc, tcln])crattlrc  alld gas lC~li (l CtCC-
tiolj.  OIIC SIICII  sccl]firio  is IIlovi)lg l~cllilld a r a d i a t o r
])al~cl  Z)]](I  scarc]lil]g for e l e c t r i c a l  dtIIIIs Ip,es.  otl)cls
itlcl(lflc dctcctio~l  of i)rokcll ilitcrfaccs  SIICl I as disco)}-
]]c,clio]ls ill fluid, gas ( l e aks ) ,  o r  clectrica]  lillcs and
illl])ro]wr  IIl;it,illg  c~f ccnl)lcc.kms. ‘J’llcrc arc solnc li~,lll
l]l:ll]i~jlll<ltlio)l tasks  wljicll arc r e q u i r e d  10 diagl]osc,
scrl, icc, :IIJ(I  rc])air dcl, iccs at, tac.llcd to tlllc sJ)acc  shuc -
trllc,  %l)]c  of tllc ll~tilli))lllati(lll tasks illcludc  sl)ot
clcallit]g, forcig, ]l ol)jcc.~ debris  lc)c.atic)ll  and rclnoval,
;Ill(l rc:tlio\ ~:ll/il lsl:ill:]l, ion of stral)s  :111(1  C,il J)S for lcltsm
CJI collt,:~illcrs.

(k) IIvc]It  io]l[ll rol)ot,s  tyl)ic:~lly  co]lsis(s of (i 1 kglccs-
(If-1”1(  Cxlc)lll (] )01’), a]~d ale Ilot, c.a}~al)lc  of )wrfolr]lillp,

(:c,Ilyrighl  @)1994  IIY t}IC Al,,crictir,  II,stitutc o f
Acrc,nautic~  rIIId Astrrn)autics,  IIIC. Al l  rights  rescrvrd.
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]’igurc 1: overall ltls},cctic,)l SystcIII  aIId tlw IIardwarc
Arcllitcc.turc

SOIIIC of t,llc rccluirccl  rc~nc)tc irls]}ectic]l} tasks.  At 31’1,
a l)}gllly rcdulldallt  rc)lmt lINI)CCLICHI sysi,c IIJ cc)llslst-
illg of ~(1 ])()]J \\,ill hc ut, ilizcc]. ‘J’]Ic ic]ca is t,o attrrc]I a
slllart, cqld-cflcct,c)r too] that lIas a lollg-rcacll  scr])clJ-
tillc f ea tu re  at t,lic cl)cl of a ccjllvclltiol)al  ro}~ot.  ‘1’)lis
arra]igclllcllt  is referred a.s a Co7fIpo7171d Tohof  - tllc scr-
])c]ltillc rol)crt,  is tl]e 71/ic70-7//o?li],?//07,7, alId tllc hasc
Iokt is tl)c )ltflc?[)-7ti071 i]~~/late/7. IJigurc 1 SIICWS t,llis
collfi~uratiml.  Nc)tc tl)at tl]c Y l)olr c,f l{o],c)tics l{c-
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Sc]f A])l)roacll Systc]ll i~i 1982. A c.al]lcra was rllou]ltcd
oll tl]c tip of this 16 1)01” Lclldorl-drivcll  Il)(Y]lillliS)Il

L o  ljcrforln illsl)rc~ion. III tl]c Ulliks Staks,  notatjlc
wvrk$  illciudc A]ldcrsolt  :LIId ]]onl [b] M’]10 t)lli]t a  16
1)01: tcllsor arJIl for Sc.ril~])s  l]lsti(atc of Occarlogra-
I)lly ill 1964. (;llirikjial]  atl{l ]Iurdick [ 6 ]  o f  ~altcch
I)uilll a  3(I 1)01: varial)]c  gcolllctry  truss  rllarlil)ulat)or
(0 validalc  IJyl,c’r-rccltllld?lllt  arvn control al.goritll~lls.
IIcrka [~] J)crfor]llcxi  rcscarclt ill ]Ilulti-scgll]crlt rot)ots

.- for NAS/!’s Jo} IIIsoII  SImcc (;crltcr.

11’ip,llrc  2: ‘J$lir J] ’I, Srr])c]]LiTle ]Lol)ot

20 lkkgr’oulld

Jfrork  ill ser))ctlfilt( rolmtic.s  daks Imck apl)roxi-
Itli\t(ly  30 .V(:IIS.  N[\II)cIY,  tlIC JaI):itII.xc  conll,altim
SI]CII  a s  ‘J’osllil);l, Nlitslll]islti, and Ilil, ac. hi Ilavc CIOIIC
a I(,(,  of }Yol’li ill 1 IIis ilr(’:1 f o r  :l[J[)liCiltiOll ill t h e  Ilu-
clr:lt I)f)ivrr itl(llls[  r>’. Ilirosc [2] of ‘1’okyo  Illstitutc o f
‘Ik(’llllolop,y”  {Ifv(lc)l)f(l il ]Ill]lll)cr  of stlakc-like lllCCll:l-
Ilistlls, for {x:IIIII)I<. a cr;i~vlil)g IIlccllal)is)))  wllicll llti -
liz(w ol)li(lll( hlvivfl joitlls. AsatIo  [3] l)~lilt ‘1’osliit)a’s

At (IIC CIICI  oftllc ]tlacroll l:~llil]lll:lt(]r,  arl i[llc.grated
sellsor/crl  (l-cf]tictor (lS1’)1~)  unit  is attac,llcd ~1]. It coll-
t:iills 2 lilwtick ca.rncras, 2 [)roxittlity scllsors, a gas
scllsor, a tcllll)crat,rlrc miser, a force/torque smwor,
a]ld two l]p; llt fi,st, urcvs. ‘J’llis ur]it is too })ulky  to clltcr
ilisiclc of (IIC ]nockup truss  structur~.  “lb ovcrcolllc  tliis
rcstrictio)l,  a scriw]ltilic  rol)otl  tllall cart funct,ioll r rs  a
s}]lart  el)d-cflcctor tool wm dcsiglld. ‘1’}tc scr~w]ltirtc

, robc)t  would bc I)ickcd III) Ly tlIc lll:lcro-] t]:i~lil)(]lzltor
w}tctt additicr]lal  clcxtcrity  is required to pcrforIn tlte
task

A ]Il]rntm of desigr] issues were cotlsidcmxl bcforw
I)ui]diag  t,l]c scr]wlltine  rol)ot, ‘J’hc issllrx and the i r
rcsolu  Lions arc discussd as fc]llows.

Sillcc tl)c scrlwlltiltc  rol)ot is to k attachd at t}lc
clld of altottlcr  rot)ot, wciglit slid size l]ccdcd to I)c
millilllimi.

Motor Sdccti(>~l:  h’lilliaturc,  yet IIigl)  t o r q u e  IIIC)-
tors wrm ]ICNICCI. h!o!or rllallufact,ur-crs such as ]}scaI),
MaxorI, and hlicroh~o wwrc  collsidcrd. hlicrc)hfo’s  2
watt 1X ]Ilot,ors  w e r e  clloscll. IIascd  011 irolllcss c.orc
tccl]nology, tlIcw J)roclucts have the fcatui-c  of higl)
cflicicrtcy with l o w  ]Ilcctlallical til[m c.ol}stalits. ‘1’llc
]Ilotors have sta]l currcllt  of 89(I IIIA,  atlc] duc to t]lcir
low induchllc.c., dcct)rical  l]oisc is rtxluccd.

.loilit Assmul)ly: ‘J’lIC joirlt dcsigll ]Iccdccl to bc col Ir-
I)act. If tllc collvclitiona] IJlctllod of Itloullting  tllc rLlo-
tmrs c)]) tllc joints were ado~)tcd,  t}lc scr~)clltirlc robot
w o u l d  lIavc lIad a bulky dcsigrl.  A patcrltcxl  clcsigri
owrld Ly tl}c h’1’;~ (30r~~oratior)  was clloscri. ‘1’llis clc-
sip,ll allows ail II]ot,ors  to hc ~nourltcd iasidc  of ttlejoint
llc~llsillgs.

‘1’llc original  dcsigrl  is arl active utlivcrsal  joirlt  l)ascd
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l!icda and ‘.l’akanrrshi  of  the  NIX Corpo-
l’atm(,  No .  4 ,683 ,406) .  (lur mcclla~lis)ll

w a s made  Illorc com])ac.t  by IIloc!ifyi]lg  t he i r  clrxign.
‘1’IIc l)asic idea is illustrate i]) l’igure  3. “J’lIc joint, as-
sc~IIIIly has two Shaftjs, with eacl] shaft atttac}tcd to a
IIalf-s])l)erc  at, an ol~liquc anp;le. ‘}’IIc t~vo half-sphcws
arc joil]cd together to rotate freely with rcsprxt  to
cacl) o(lllcr. ‘1’llis arrangcvncvlt is colitai]lcd  i]lsicle a
universal  joi]lt  with each shaft, joined  to ollc s i d e  o f
the fral]les  tlIat nlakc  u1) tllc Iltlivcrsal joitlt. ‘J’l)c  li]o-
tors r o t a t e  Lllc two shafts  tl)crcby  actively  cllallg,ing
tllc orimltatioll  of  tlic u)livcrsa] j o i s t .  IIoth  rllotors
a r c  co]ltrollcd  siiliultalmously  to cltallgc the cwicnta-
tio]l. Now co]lsicler the S\)l~crical coordinate systcvn.
WlicII tlic iilotors  arc rotated ill tlic sal])c circular di-
rections,  tl]e. joilit awc]nbly  ]Ilakcs a ]Iiotioll along t}]c
+ direction. If tllc ]I]otors arc rotated ill o~)~)ositc di-
rcctiolls,  tllcl) tllc joi~lt assclr~}~ly rnakcs a ~ilotion along
t,llc 0 direction. ‘J’hc lnotio]ls  along the r/) sac] U clircc-
tio]w ]nakc u]) tllc 2 lX)lI’  )liovcrnc~lt  of the joitlt. Note
that, wllcrl tl]e shafts arc C.ollillcar,  a dcgcl]cracy (sing-
ularity) occurs.

‘1’0 acllicvc IIigll torque, cacll axis has a gcarlicad
ratioof  1111:1 (Iligl]  gear ratio was acllicved by huild-
illgourowll custorll l)l:ill(’t{lryst:\gcs).  ‘1’w’c~rc(l(lrlcl:i]lt
rllolors  wliicli arc rllcc.llarlic ally coul)lcd tllr]l mrcll axis
arid provide (IoIII>Ic tllc tlorqucof  ollc ]I]c)tor.  ‘l’hegcar-
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l’igl)w4:  (~orllI)orl(r]tsc)f!l]c S(rI)rlllir]c  Joir]t

11. l{.(’liitl)ilitya ll{l Kas[: uf~:o],tro]

‘Jo rcxlllc( tlIc size atId wvigl]t, l~uildillg a tclIdoII-
driverl rliecllatlisrn  was cotwidcrcd. ‘J’llis  rrl)proacli  is
al~ljcali]lg lwcausc (tic actlla~ors  can lW ]IIOWXI to t}]c
l)ilS(,  of tllt:sc’rl]<>rltillc rolmt. Sillcc tl]c c)ltirc serl)cll-
tiric rc)l~c)tjilicl(lclil~~its  I)ast>llm:dctl  tol)r JJickrd U[)l)y
atlo~ll(,r  r<)l)ot, the overall rII:Iss  IS [lot savc( 1 I)y’ IIsirlg
tl~is a))l>roar  I.I  IIl:i(l(litiotl,  irlll(r(rll (Iilliclllli(st’xistirl
(Imlillg wittl a  collll)l]catm]  terl(lorl  111(’ctlafllslll. ‘1’llis
tyl)(’c)flll(cl}:lttisttl t~[)icilll~ 11:1s  :1 slll[lll lo~l(l C:LIJilCit~,
arl[] it is (Iillicllll 10 rllo(lel, I’rol)lf,rils  rxisl l)t’ralis(~  01
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l~ig, urc 5: lIItcrJIals of the .Joil)t ,!ssc]I)l)lY  sllowillg tile
l’lallc(ary  Stages

tllc ]Iced for flcxil)lc Col)trol  to co) II])c]Isalc  for clas-
(icity, l~inaliy, l o w  rclial)ilit,y rmu]ts  dl]c 10 frcquetlt
tcll{l(~l~ breakage.

A  ]Itclllodofdircct  r)lotorcolltro]  wasclIoscn,  Al-
tllol]~:tl Ll]c I)rol)lctlls  assoc. ialrd will] high gear ratio
will ltavc to IJC dealt wit,]), bcitcr rclial~iiity would be
ol)tairlcd.

‘1’11(’ ]Ilccl)aflis]))  \\TilS (l(si~)t)ml 10 I)(’  Ill(cllilllic;llly

Iilodlllar tltc joitlis earl  })( e a s i l y  ad(lml o r  sul)-

tractd. ‘J’l)c  col~crrll  was Illorcorl  the clcctrica]  side.

I)csigtlillg ]tliaiaturc  circuits to fit illsidc of tllc joirlt
IIollsillg was cotlsidcrcd. ‘J’hc clcctjrollim  wollld pro-
vide (I]c fullctiorlatitics  of a rllc)tor atlll)lificr and a dc-
codcr for crlc.odm sigr)als. III dcsigllillg  a lirwar alll-
~)lificr, clirllitlatiollof IIcat gcllcratcd  by tile clcctrc)l]-
ics would create a prolkl))  sil)cc ir]suflicimlt  VOIUIIIC
exists  for air vclltilatio]]. l“;vcm a cooler l’\VM-lmscd
atn])lifier that mr]~~lo.ys  r]lirliatllrf:  II-bridges could lIot
I)c colltailld, since t,]Ic s i z e  o f  all c)f its clcctrori-
ics w o u l d  cxcccd the size of the joill(  housirig (a
cyli[ldcr of 1.5 irlcllcs in diattlctcr  with 5 .65 i]]c]les
IIrigllt). ‘1’0 gcrtcra(c cont,ro] sigllais,  collllllercially  -
avail al]]c control]crs  sucti as the NIIX;  u1’1)7832.x,
IIctvlctt  l’ackarcl’s  lI(UrJ’l,-ll OO, aTicl l,hf G28chil~s  were
colisidcrd. (;ircuit dcsigrlshasccl  OIJ arlyof  tllcsc cllil)s
would rxcccd tl)c size of tllc joiIlt  llousirlp; .

‘J’hc ollticJr) to route  all tllc wires out  of tllc robot
w a s  C] IOSCII.  ‘J’}Ic  lnotors  wi]] bc colltro]]cd  rel[lotc]y
fro])] cxtcrllalty  located VNII’; harc]ware.  ILoui,illg all
wires irlterllal lytllrollgll the ccr(t,cr llolc])osccl  another
~jrol)lctll - cal)liiig. IIccausc 23 ~l}otors exist  insiclc
of Illc scr~)clltinc rcll)ot,, the nurl)l>cr of t,hrough-hole
wires  IIad to t)c 11tilli]Tli7,ccl. ‘J’tlc wire coutltl was rc-
cluccd at cacl) 1)017 }Jy corlrlcctillg two r[totors in J)ar-
allcl to sllarc motor volta?;c lirirx  atld I)y sltaril)g coln-
rIIOII power lines for all Inotors,  Scc Pig;ure  6 for the
l},irillg diagratrl.

F o r  CXterllal VM1’; col]tro] of tllc ]Ilotors, ofl.t,}Ie.
Sllclf harclwarc we re  purcllasd.  ]Iccausc of tile lno-
tor’s l o w  i]lductallccj  Iiilcar allaiog all~l>lificrs rat}lcr
tllarl l’Wh4  ty~m were C.I)OSCII  as lnotor  drives. h40-
tor controller ]Iardware ~vcre purchased to work irl t,hc
\~MJ*)lIus cllviror)lllc]lt.

l . ) .  Acqllirillg Visual I)ata aIId  IIigl)t,i]lg

h~oul[titlg a stnall  li~]stick carncra  ( e . g . ,  ‘J’os]liha
Llcrdcl lK-M41A) at  l,llc ti~) o f  tllc ser})cl]tilte rol)ot
was corwidcrcd. ‘J’his a])l)roach  llilS associated pro}j-
lr-ills with wirillp; and ligl[tilig. ‘J’hc cliarllctcr of the
carltcra’s cable far exceeds the size of tllc tI]rough-Lolc.
l“urtllcrlilorc,  t,lic st,aadard  way of proviclirtg light for
the car]lcra is to resort  to illstallatioa of light fixtures.
IIllt sirlcc t,lIc light fixtures arc typically larger tllall
tile Iil,stick cdlrleras, the size advantage of using tllc
IIliliiaturc  carllc.ras would IN lost.

(]siIlp, a ]mrcscoi)c  W:LS idc’a] f o r  ollr l)urposc. A
lm-escol)r is dfxip,rlcd s]wcificalty for visual ir]s]mctiorl
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* a~)]jlicatiolls. It is cotlltnorliy  u s e d  iIi IIlcclical  surg-
eries a]id ai rcraft ,  ellgillc illsl)cc.tiolls.  ‘J’ltc vidcm irllagc
of tllc work site is }Jasscd tl]rougl} its fitmoIJtic. ca-.
l)]{ and i s  SC]I(  rctllote]y  to tllc vimver lnost  of tt)c
vi?)ioi]  IIardwart  is locatd away fronl tllc rol)ot’s elid -
efktor, ]ICIICC IIlovillg t]Ie hulkinr$s  a w a y  fro]rt  t,]]c
work site.

‘J’llc Macliida  1>1 IA-3-140  tlcxiblc  bcmscoI)e WE(S
CIIOSCII. ‘1’l}e fil~erc)ptic  cal)le has  a diar]lctcr  of 0.13S
i)lcll (3.5tl]ln)  and .55 inc]lcs  lo]lg. Witfll a  tllroug,ll-
IIOIC of 0.312 inch (5/16  illcll),  I)otll tllc [Jorcscol)c ca-
l)lc afld rcqllircd  colltro] wires were mutccl irl(crltally.
‘1’ltc SCOI)C IIas a field of view of 50 dcgrccs Ittinilllulll
al)(l a dq)tlt  of ficl(l of 5 to 50111111.

‘J’IIc  borcsco])c is  caI)ablc of 1  1)01” lnotio~l. ‘1’11(!
til~ is articulated I)y lnaitual]y  nlovillg  tllc lever at tllc
cyc]}icc.c wllic]l  ])ulls tlllc cah]cs attaclld to tllc tip.
It is ca])ablc  of a rallgc of lnotion  frolll -100 to 100
dcl; rccs. ‘1’he  fanctiol[  o f  tllc lever wtis nlotorizd  by
i~lstallillg; a ~llotor at tllc base of the scr}~cl]ti~lc robot
to lIJUII  tl)c c.al)lcs. A workirlg chaTIIicl can he ltioulltd
along; tllc siclc of t,l)c I)orcscol)c  to a l l ow rcrltotc  US(!
c)fslllall  tools, for i]lstarlcc,  a grasI)irlg;  too] to rct,ricvc
forcig~l ol.)jccts al)cl a grilldi]lg  tool to s~t]oolh  surfaces.
A  worliirig cllal]llc] Inay bc il]stalled  ill tllc f u t u r e  to
]Jcrforlll  sim])lc rllrrni])lllation tasks.

An adva]ltagc  of using a bmcscoI)c  is it carries its
OWII  light. WIIea tllc scrI]cmtiIlc rc)bot cv)tcrs  the iasidc
of l.he sl)acc structure, the cl]virollIncllt  is tyl)ically
dark. ‘J’llcrcforc, to acqairc  visual il)]agcs,  liglltil,:;  is
r e q u i r e d .  Witl]l Ilic borcscol)c, lighting is built iltto
tile cai)lc al]d ~~oil)ts  in tile sa]]tc  direction as tllc head
o f  tlic l)orcsco])c.  Siltcc our l]lockul)  stracturc  com-
~)oscd l]lc~stly of metals with high rcflcctaacc,  rninilnal
liglll  for tllc l)orcscoJ)c  was rcquirccl a IIalog;cn  light
sou rc.c served our I)url)osc.

O1lC clrawback of using a borcsco~,c  is it callliot  t~y
it,sclf Lore into  t,hc work area. A cominoa  way is sill]-
I)lY I)us]lillg  tllc borcsc.o~,c to illscrt  it into  the. w o r k
area. ‘1’0 assist in tlIc bori[lg ol)cratio]l,  for cxam])]c in
~[lcdicx(l a~l~]lication, guide tulxs arc available to lllakc
possible inscrtiolt  into  diflicu]t  places wllcrc obstruc-
tions  or large ga~~s  exist. ‘J’llc guides arc colltourillp;
al)IJaratrls  i,o ~nakc a?lglcc] turns possib]e tly coaform-
il)g Lo LIIC desired insertion path. IIcrc t)lc scrIwlltille
rolwt can hc tllougl]t  of as a flcxil)]c guide tut)c for
the I)orcsco],c.  ‘1’hc  scrImltitlc rol)ot will act  as a colI-
tollrd ])liltjforlll  for tl)c  borescolm to rest on wl]ilc tllc
ol)crator  looks around  tllc work area.

1’,. M[!d]a~licnl  S1)ecificatiolls

~onstructcd scrl)cIltirlc rot~ot IIas t}]c f o l l o w i n g
sl)ccificatiorls:

3-1) Tvlccllarlislll with ‘1’otal  Weight of 7 lhs

II;xtcIIclccl  Reach: 35”

l)iarl~rter  of tllc llobot,: 1 .5”

5 Joirlts,  10 lJOII’ (each -60° to 60°)

1 1{011  1X)1; (- 180” to 180”)

1 Jlc)rcsco])c  1)01” (- 100° to 100°)

1)01’  }rclocity : GO dcgrccs/sccolld

(~crltcr-tc)- ~c~ltcr  Joi Itt l)istancc:  5.(35”

‘1’l]roug;ll-llolc  IIlsidc  for (;al)lcs: 5 / 1 6 ”

III. M acvo-lna] lil~ulntor

‘J’l}c Iargcr nlani},ulatc)r is tl)c Robc)tics  Resea rch
~orl)orrrtio~l’s  Mode] K 1207 rol,ot  which lIas 7 1)01’.
‘J’his arm is ~ilc)urltcd 0]1 a tl~ol>ilc])latforlll of the latllc-
l)cd and ~)rovidcs  ol]c additiolial  ~)risttlatic 1)01”. III
total, 8 lJOlr  colllj)risc the r[-)acro-~llalli])lllator.

(;. 11s(:1’  IIlt[!l’face!

‘1’])c o])(:rator  will itltcrfacc  with the scr~)clltirlc
rol~ot  froln the “cul)ola,’> which is tllc rl]iiirl co~ltrc)l sta-
tic)tl of tllc cxl)cririlc]ltal  facility of tltc l{elllotc  Surface
lnsl)cctioll  project. IIlsidc  tlIc cul)o]a, or]c has access
to aII lllJS Silico~l Gral)llics  workstatiort,  color ~noni-
tors,  arid joysticks. ‘J’llc 11{,1S will act  as a gra~,hical
front-clld  tllroug]l wllic.1) tllc o~wrator interacts with
tllc scrImlltillc robot, irl rcrtl-tilllc  and i s s u e s  tliotion
coltlrnallds  irl joint, or task s])acc. ‘J’hc IILIS earl also
crcalc  arl iiltcractive  gra[)llic.al silllulatioll  cnviro]lrllc~lt,
for analysis ant] collt,rc)l of tl)c scri~elltillc  robot,. Us-
ing Lllis dual -n)odc fullctim}alityj  tllc IRIS can bc used
irl I)rcvicw II IOCIC for allirllatir)g  tllc task scenario, fol-
Iowcd by corl]l]~aridiug  tllc arvn to duplicate t}lc sitnu-
latcd  r[lc)tiort.

‘J’lIc operator will view tl]c work site by looking
at t}lc lllollitors  t,liat, dis~)lay v i d e o  ilrlagcs frorll tllc
Ijorcscol)c,  aacl hc will colllrllal]d tllc scrl)cr)til]c  robot,
})y Ilsi[ig t,llc j o y s t i c k s  arid a ,gra[)llicat rrlcrlll 011 t h e

II{ls.
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4. Serpentine ILobot Contro] System

]Iidustry  l’ack (1 1’) Servo nlodulcs  fro]]) ‘J’cchl)ology
80, llIc. are used to  co]ttro]  tllc r]]otors  i]) a VM1’;bus
e]]viro]l]nc]lt. ‘1’IICSC l]rlils arc IJuilt arol]lld Natio]la]
Sc:]l]licc)rlcltlctor’s  l,hl G28 ICs arid IJrovidc  2  indcjw]]-
dent clIaIIIIels  for I’IIJ  Inotlor coI~trol  aIId decoding of
e]lcodcr sigl~als. ~’lIc 1 l’-Scrvo rnodulcs  arc mounted
011 MVMII;162 Motorola l)roccssor I)crards wl)ich arc
},a!wd 011 the M(X804(I IIosts ru))lli]lg  at, 25 hfllz.  Scc
I“if,urr  1 for tllc hardware  architecture. ‘1’0 co]ltrol tllc
scrJ)clitillc  rol)ot,  two hflotorola processor boards  arc
mll]jloycd  to host  six 11’-%m’o Incdules.  ‘J’lic two pro-
wssor bonrds arc ])luggcd irtto tl]c saIIIc  Vh41;  chassis
tl~at, ])rovidc  VhJl;  co]itrol for ll~acrcj-~llallil)(llzttor  sys-
tclll [8]. ‘J’l]rougll  a sitar-cd mc~nor-y card, COImIIaIICl
aIId status illfor]l)atioI] o f  tllc scrl)cl]ti]lc rolmt  a r c
])asxcd to tllc ]l]:icrc)- ]]lzi]Ii  I)~]lator  syste]l]. All of the
sof~warc  cxccutilig  011 the Vhll; cxlvirolll]tellt  is writ-
teII ill tile ~ laugu  age. ~odc is CICWCIOIJCCI  011 a SUN
lJNIX cc]ll)r)ut,cr utiliziup; its rwsidcnt  ~ coltllji]cr aJld
Wilid  liivcr’s  VxWorks/Willd  real-tilnc lit.jrary.

‘J’l]c  11’-Scrvo module produces Illotor  control  sig-
]Ials in tllc forln of  vol tages . ‘J’IIc  control sigfials
arc tl)cll takcm as in])ut to a  l i n e a r  analog  alnl Jli-
ficr. l’ortcscap’s  I’;IJIJ-3503  was cllosmi. ‘1’his unit is
a tra]lscollclllctallcc  tyr)c of alnI,lifier  which is s}mcif-
ically  designee] to drive iro~llcms nlotlors.  It prc]duccs
u]) to 2.5 Anl I,s of c u r r e n t  ancl  clrives UI) to 35 Vol t
]Iiotc)rs  with  a sillglc IX ~)owcr  suljl)ly.

~. ]{~l{,lll.e ~~lork

11) tllc llcar futr]rc,  kinelnatic alta]ysis  wil l  be J)er-
forllled to acllicvc ~artjcsian  collt<rol of the scr~)clltillc
sysknii.  III tllc ])roccss, a scl Iemc to resolve rcdu]l-
daIIcy of tl]c Incchallis]l] would have to bc dcvisccl
to allow a taslr to bc I)crfor]llccl by al]owi]lg  coo~,cra-
tio]]  hCt4WCClI  tl)c macro- and lllicro-lll:~lli}ltll ators,  Onc

I)ossiblc  scmlario  is to allow coolmra(iorl  bctwccn t,hc
two lllalli~)ulator-s  to avoid obstacles hy liaviug  each
IIlal)il)ulatlor  to excxutillg  a sq)arat)e  rcduncla~!cy reso-
lution  scl]crnc  with a cliffcrcl~t ohjcc.tivc fulic.Lio]l. Sec-
ond, colltfrol  cx])cril[icnts  w i l l  bc pcrforl[)cd at]d ally
i]lstal)ility  ])rohlclrls will bc resolved. l)rol)lcrns asso-
ciated  with high gear ratios may exist, and instability
lliay be attrihutcd to tlm joint asscrlll>ly  since t,lIc joiut
attglcs arc i]ldircctly  cmlt.rolled by motor a~lglcs.

h! alIy ])ractical  issllcs rIccd to bc dealt with before
a ttlrce  diIIlcIlsiollal scr])clltilm  rol)otj  caI~ km used for a
lrlec~l][:riiti(~]] task. ‘1’IIc ~I]atlij)lllatio~l task is difficult,,

sillcc tl)c operator is nlarlcuvcrillg  tllc rot~ot  iI1sidc ii
]larrow-spaced works])acc  and t,he ol)jccts  tl]at, arc of
illtm-mt to hiln arc oftrm visually ol)structcd.

Srllsors arc crocia I iii l]cl]jil]g  tllv o[mratjor to ])er-
for]o ir]sl)cctioll.  ‘J’lIc horcsco~w  i]tsidc o f  t,lIc scrl,ct]-
tirlc rolmt will p r o v i d e  tl]c ]Ilaitl vislial fmdback  to
tlw operator. An additional ca]]lcra CaII be attached
to OIIC  of the irltcrlncdiat.c  links of tllc scrI)(I]tillc robot
to [)rovi(]c  tllc o]mat,or  wit]]  a wider view of tllc work
area frolll a di[l’crcnt  pcrsJjcc.tivc.  Otllcr  sc]lsors  sucl I
as ]lroxill]ity sclmors  c.aI~ l~c used to [Ictcc.t aIId avoid
ol)staclcs.

‘J’lIe til, oftl]e })orcsco~,c SIIOUIC1  IIc j,lacml SNCII  ttlat
it is jitter-free (statically stable) to take still irl]a.gcs
a]Id to k ol)tirn ally I)ositio]lrd for collision avoidance.
III Lllis scc~tario, tltc active  pc7ccplio7t  prot>lc~]]  of rllov-
il]g tlic calltcras  (sc]]sors)  would l]avc to bc cxa]nir]cd
to obtaili  I1]orc  il~for]natio]l  at)out  the crlvirollrrtc]]t  as
tJIc task ~,rogresscs,

‘J’IIc systc]n rcquirws  a r[]a]l-lllac]lirlc  i]ltcrface  ca])a-
bility  tc) control  tltc ll~otion of tlIc Inicro-  and lnacro-
Illailil)ulators  collcctivdy  or individually, control the
vicwi]tg allglcs attlachcd to the scrl)cl]tli]lc  robot, and
al)ility  to work with a world r[lodcl of tllc c]]vironnlc]lt
for collision avc)idaIlcc.

l<llol}lc(lgc-l)z~secl  systcIIls call be il]tegratcd  irttjo
tlIc ius])cction systmn. in order to .guidc the scrpcrltirlc
rot)ot,  the cc)rnl~utcr call assist t}lc o~~crat,or ill co]ltrol-
li]lg tlic ca]llcra vicwirlg  a]ld Iigl\tillg;  auglcs. t311cc tllc
operator selects an ol)jccl/fc~atr]rc,  tlic systcIII call au-
tot[laticalty  a(ljust  tl]c ca]ncr-a vicwirlg al]glc (aligrli]lg
to t,hc’ ]Ior]]lal  of the surfaco ajlcl to have the grcatjest
visibility) as well as the Iigl]titlg allglc a]ld iutcnsity
for t,lIc best view.

III addition, Lcilig l)rcoccul)icd with a diflicult  tclc-
c)lmratioll task at baud, t,hc ollerator  sl]ould not have
t o  be corlccr]lccl about kirlcnnatic a]loll]alics SUCII  a s
si]lgu]aritics  and joirtt  limits. ‘J’lic olwrator  IIcccls only
to sl,ccify the trajectory of the head of the scrI)cntiI1c
rol]ot; tllc trajectory of the rest of the body SIIOUIC1
bc cornl,uted  aut,o]lo]nous]y  with SOIIIC guidclirles  frorll
tllc ol)crator.

All of tllc above rcquircr],c]its  call bc iuc.or~)oratcd
iut,o a glol)al SC.l ICIIIC to resolve tile killcl[latic  rcdutl-
darlcics of the niicro- and rllzlcro-ltl:~rl  ii)~rlzltors.
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